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                               Abstract
   A computer program was designed for preparing contour maps by the "Polyhedron
Method". The program was written in FORTRAN for FACOM 230-60175 -by utilizing
CALCOMP X-Y plotter Model 770I763. Itcan be easily modified for other computers which
have more than 41 K words (or l64 K bites) of core memory.
   The procedure of automatic contouring and the operating instructions of the program are de-
scribed, and several test examples for geologic use are presented. The source list of the program is
also carried in the appendix.
                             Introduction
    A contour map is one of the most common ways of displaying geological
quantitative areal data. Many mapping procedures (BisHop, 19. 60 for example)
and their applications have been developed. They are isopachous maps (MERRiAM,
1955; KRuMBEiN, 1962; Kanto Loam Research Group, 1965), isolith maps
(KRuMBEiN, 1962) and trend-surface maps (KRuMBEiN, 1962; MERRiAM and
HARBouGH, 1964; ScHRAMM, 1968) in stratigraphy, and structure contour maps
(MERRiAM, 1955; KAKiMi et al., 1973; RoBiNsoN and CHARLEswoRTH, 1969) and
beta diagrams (RoBiNsoN, 1963; NoBLE and EBERLy, 1964) in structural geology, for
example. Besides, contour maps are generally used in display of many geophysical
data, e.g. magnetic and gravitational ones.
    However, it consumes time and cost to prepare contour maps by hand method.
The quality of contour maps, when they are prepared by hand method, depends on
an operator's technique and on his interpretation of data to be mapped. For the
reasons mentioned above, most maps have been prepared only for data reguired
specially to be displayed in contour maps, and they are nothing more than the
il!ustrative rnaps. Consequently, not a few informations from collected data have
been left to be used.
    The computer has enabled to prepare standardized contour maps inexpensively
and promptly, and the several procedures have been developed for computer con-
touring (HARBouGH and MERRiAM, 1968, p. 32; CoTTAFAvA and MoRi, 1969;
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KAwANo et al., 1973>.
    There are two kinds of output media for contour maps which can be prepared
by a computer; the one is a lineprinter and the other an X-Y plotter or drafter.
A contour map made by a lineprinter is shown as a characters pattern in which the
same characters are printed on the places where the values fall within the same
ranges (YAMAMoTo, 1973). Therefore, it requires either raw or processed data
regularly and densely spaced. Although it easily and prompt]y makes a contour
map, it can not make any accurate one. It may be suitable for mapping functional
surfaces. On the other hand, an X-Y plotter or a drafter has an advantage in that
they can make much more precise and detailed ones. Besides, it can make a contour
map directJy even from irregularly spaced data.
    The present program was designed for plotting a contour map by using an
X-Y plotter in order to make the map from data irregularly spaced as well as from
regularly spaced ones. It includes many options for geologic use.
    The basic principle used in the program is the "Polyhedron method" discribed
by HARBouGH and MERRiAM (1968). The permission for using the principle is given
from one of the authors (D. F. MERRiAM)•
    The program was made as one of the developping programs of Data Processing
Center, Kyoto University (PROBLEM NO. 5001EY044 and 5001DY045). Any
one who uses the program is required to have the permission from the present authors
or Data Processing Center, Kyoto University.
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                   General Description of Program
    This program produces a contour map from regularly or irregularly spaced data
by using an X-Y plotter. The arrangement ofa map on a plotting paper is shown in
Fig. 1. This program is written in FACOM 230-60175 FORTRAN (Fujitsu, 1970)
which corresponds to IBM 360 FORTRAN IV (GERMAiN, 1967) using FACOM
230-60/75 SSL (Scientific Subroutine Library; FuJiTsu, 1972) and CALCOMP
routines (Yoshizawa Business Machines, 1969a and 1969b), and requires about
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41K words (or 164 K bites) of core memory and 75 cm (29.5 inches) plotter. Many
options are provided for geologic uses; input data selection, insertion of geographic
data as a referring map and so forth (see b. Input options and c. Processing options).
a. Contouringprocedure
    By assuming that a surface to be mapped is represented as a polyhedron surface
of triangular elements (named faces) each of which is defined by its peak points in











Fig. 1. Arrangement of output map on the plotting sheet. The contour map
is drawn in the frame of broken line. The unit of length is expresscd
ln cm.
s s s s
s
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Fig. 2. Tetrahedron model illustrating the contouring procedure. The tetrahedron
is constructed by triangular faces. Broken lines are contours.





Fig. 3. Triangular face and
lation for contouring.
Iines are contours.
    127
lnterpo-
Slender
(1) Irregularly spaced data with face
(2) Irregularly spaced data without face definition
    A specified area to be mapped is derived into rectangular grid units, and
the units are sequentially numbered. The value at a given grid point (named
the grid value) is computed by approximation of the observations in the specified
obtained by interpolation as shown in Fig. 3
(HARBouGH and MERRiAM, l968, p.34). Con-
junction of contour lines for all the elements
yields a contour map of the surface to be
mapped.
    In this program, faces are automatically
defined even if face definition ib not directly
given as input.
b. Input options
    The following three kinds of data can be
read as input:






Fig.4. Mapping area, grids, and
      to estimate the grid value
      using the number of units.
x---) x-Upper
P
grid units. Observations in hatched area are
 at point P. The area should be specified as
In this case, the number is 2.
used
mput
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    number ofunits around the grid point (Fig. 4). As a result, regularly spaced
   data are completed (see to HARBouGH and MERRiAM, 1968, p. 35). (The
    more number of units are specified as the area in which observations are, the
    map will be more smoothed.) Then each unit is subdivided into two
    triangular elements (faces), and the elements are automatically defined by
    using grid point numbers given before.
    (3) Regularlyspaceddata
        This kind of data should be ghd data regularly spaced as mentioned above.
    The units formed by grids are subdivided into triangular elements, and they are
    automatically defined as in (2).
c. Processing options
    The following three kinds of processings can be optionally performed:
    (1) Insertion of referring point(s), line(s) andlor map scale.
    (2) Plotting of data points with their numbers and values.
    (3) Specification of blank unit(s), i.e,, rectangular one(s), in which no con-
        tours are to be drawn; valid in the input cases of b-(2) and b-(3).
d. Inputmedium
    Cards and an alternative tape can be used an input medium for source data
    .
    mput.
e. Limitations
    (1) #ofpeaks,NOPS1000.
    (2) # of faces, NOFK2000.
    (3) #ofrectangularunits,NNNg10oo.
    (4) #ofreferringpoints,NUMBERKIOO.
    (5) # of referring lines, NLINEKIO.
    (6) # ofcontrol poinbs on a referring line, 3SNPFOLNs100
    (7) Others: refer to Input Instructions.
    (8) Map size: width (x-direction) and length (Jv-direction) are less than
    68 cm and 88 cm respectively in the case ofusing Data Processing center, Kyoto
    University (refer to Fig. 1 for the map arrangement and to Fig. 7 for the
    coordinate system).
Åí Output
    (1) List of processing specifications
    (2) Input
    (3) Tracinginformationsofprocessing
    (4) Errormessages
    (5) Contourmap
g. Errortreatment
    Error checks are carried out on the following items, and error meassages are
    printed out, if any errors are detected :
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(1) Kind ofinput data:
    If any code other than FDEF, SMTH, REGS are detected, the processing
will be stopped with a message "ILLEGAL DATA KIND" (refer to Input
InstructionLg-B-c) .
(2) Computed results ofgrid values:
    If a grid value is not normally obtained, a message "GAUELS ERROR,
APPROXIMATING PLANE WAS NOT DETERMINED"willbeprinted
out, and any contours will not be drawn in all the units concerned with the grid
polnt.
(3) Specification of blank unit(s) ;
    If any illegal specification is detected, the processing is stopped with a
message "BLANK AREAS DEFINITION ERROR" (refer to Input
Instructions-B-(g.)).
(4) Repetition times number of main repeating operations:
    Amount checks are carried out on the items in Tab. 1. If an amount
exceeds its limitation, it will be printed ont in the form "*'ERROR**
CONTROL VALUE IS ILLEGAL. . . . . . . . ." and the processrng will be stopped.
(5) # ofcontour lines:
    If contour lines are to be too densely drawn in a triangular element, the
lines which exceeds the limitation (100 lines) will not be drawn, and a message
"LINES TO BE DRAWN OVER 100" will be printed out.
                        Processing Procedure
    The processing is performed according to the following flow of steps (Fig. 5,
Process flow chart).
Step 1. Data and task specifications are read as input from cards.
            The program control proceeds to step 2, 3, or 4 according to the kind
        of source data; to Step 2, when they consist of peak and face definition
        data, to Step 3, when only peak ones, and to Step 4, when regularly
Tab. 1. Check list of main iteration mumbers.


























# of sets of regularly spaced data in a tape
# of grids in x-direction
# of grids in y-direction
# of peaks
# of faces
# of referring points
# of referring lines
# of control points on a referring line
# of marks on a map scale
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Fig. 5. Process flow-chart of program.










After input of peak and face data, it proceeds to Step 7.
Peak data are read as input. After completion of grid values, it proceeds
Step 5.
Regularly spaced data are read as input.
Triangle definition is performed.
(Optional) Blank unit(s) is/are defined according to input from card(s),
if required.
Contour lines are drawn.
(Optional) Data points and their numbers and values are plotted, if
required.
(Optional) A referring map is drawn, ifrequired.
                  Input Instructions
A. Order of cards in deck
         An example is shown in Fig. 6 in FACOM 230--60/75 cases. Cards
    indicated by items ofletter enclosed in parentheses are optional.
    a. System cards*
    b. Problem/datanamecard
    c. Task and data specification card-a
   (d.) Input format cards
    e. Task and data specifiction card-b
    Åí Data input cards ifdata are recorded on cards.
   (g.) Blank unit(s) specification card(s)
   (h.) Referring map data input cards
    i. Systemcards'
         $NO
         $KJOB
          COND=5OO
         $FORTLINK
         prograrn deck
         $PLOTRUN MAX=100
         data deck
        [$FD F08,FILE=(OLD,CKA367.XXX),UNrT=DPO,VOL=(SPEC,PF5014)]
              If all input data are to be read from cards,
              this system card is not required. The underlined
              are the file name and volume name.
         SPOVT
         $JEND
Fig. 6. Setup example ofcard deck. Thestatements with marks "$" indicate system cards. The
       one in the bracket is necessary to define an input file which is alternative to input data cards•
* These cards are required to controlajob. The forms depend on the convention of each computer
 center. Consult to your computer center,
B.
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Card preparation
b. Problem/datanamecard
    Col. 1-80 Alphanumeric problem/data name; characters only in 1-40
                columns are plotted on the output map.
c. Taskanddataspecificationcard-a
    Col. 1-4 FDEF : if face defini tion data are to be read as input.
                SMTH: ifonly peak data are to be read as input.
                REGS: if regularly sapced data are to be read as input.
            10 Input device logical # for peak or regularly spaced data
                (1 to 4 and 8 avairable); if not specified, 5 (card reader)
                is used as a default value.
            15 Input device logical # for face definiton data (1 to 4 and 8
                avairable; must be not the same as that for peak data);
                default is 5 for a card reader.
         16-18 YES: ifa referring map is to be plotted; otherwise leave
                      blank.
         21-30 YES: ifblank unit(s) specification is/are to be performed;
                      otherwise leave blank.
         26-28 YES: if peak points are to be plotted; otherwise leave
                      blank.
         31-35 Skip # for plotting peak points; when 1, all points will be
                plotted.
         36-40 # ofdigits ofthe decimal part to be plotted as peak values.
                If it is punched in a negative number, peak values are not
                plotted.
         41-50 Base value of contours; real with a decimal point.
         61-70 Scaling factor for plotting; if it is left blank, the map is
                automatically scaled.
         71-75 O: if only a map scale is to be plotted.
                1 : if only referring point(s) is/are to be plotted.
                2: ifonly refening line(s) is/are to be plotted.
                3: ifreferring point(s) and line(s) are to be plotted.
                      Note: if the map scale is also to be plotted in the
                       case of 1, 2, 3, negative number should be punched,
                       i. e. -1, -2,-3.
         76-78 YES: if input format(s) islare to be specified; otherwise
                       leave blank.
(d.) Input format cards (Optional)
         If input format(s) for peak and/or face definition data islare to be
    specified, both of two format cards for peak and face definition should be
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prepared. Ifinput of face definition data is unnecessary, leave the second
card blank.
Card 1. For peak data input:
        (1) Ifregularly spaced data are to be read as input, this specifies
             the format of values (z) at regularly spaced points (i. e. at
             grid points). If not specified, the format (8(6X,EIO.4))
             is used as a default one.
        (2) If irregularly spaced data are to be read as input, this
             specifies the format of a peak #, its location (x,y) and
             value (z) (see Fig. 7 for the coordinate system). The
             default is (2(I5,3FIO.O, 5X)) for two peaks in a card.
                             z
o x
e, f.
                 y
            Fig. 7. Coordinate system. All the input data should
                  be measured according to the system.
Card 2. For face definition data input:
            If face definition data are to be read as input, this card
        should be punched; otherwise leave blank. In the case of to be
        read, this specifies the format for arbitrary # of face definitions,
        each ofwhich consists of three peak numbers to define a triangle.
        The default is (4(3I5, 5X)) for four faces in a card.
Task and data specification card-b, and data input cards.
    All data input cards should be punched according to the formats
specified on the input format cards or to the default formats. If source
data are to be read from an alternative tape, they should be also written
to the formats. In the case of using an alternative tape, task and data
specification card-b should be prepared.
    The following three types of data (see General Description of
Program) can be chosen as the source data :
 (1) Peak and face definition data (The task and data specification
     card-b is Card 1).
(2)
(3)
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 Card 1. Col. 1-5 #ofpeaks
               6-10 #offaces
 Card2. Peak data: peak #, coordinate of location
                     (x,y).
 Card 3. Face definition data; see the explanation
                     of (d) Card 2.
 Peak data without face definition (The task and data specification
 card-b is Card 1).
 Card l. CoL 1- 5 # of peaks
               6-!O # ofunits for the computation ofgrid values
                     (see General Description of Program); if
                     autoextension is necessary, punch in a pos-
                     itive number, and if not, in a negative one.
              11-20 Boundaries of the mapping area in the origi-
              21-30 nal coordinate system; x-under, upper, and
              31-40 y-under, upper respective]y; real with a
                      decimal
              41-50 point (see Fig. 4).
              gll9g)9'Se.5e?gtS,i.%f,,z.".",'`.2,:h:,s,",'fil"s,i,;c?l,es
                     Fig. 4)
 Regularly spaced data
     If the data are to be read from an alternative tape, see Note.
 Card 1. Col. 1-10 Pitch of data points in x-direction
               11-20 Pitch of data points in y-direction
               21-25 # of data points in x-direction
               26-30 # of data points in y-direction
 Card2. Values (z): punched according to the
                      specified or default format.
 Note: If the source data are to be read from an alternative tape, an
 ID-card in which ID-code and # are written in the format (A4, I5)
 is required instead of Card 1 described above. A data set whose
 ID-code and # coincide with the ones of ID-card is read as input.
 The data in the tape should be written in the following forms:
      Section 1. File code and # of data sets in the file should be
                  written in the format (A4, I5).
      Section 2. ID-code, # and pitch and #s of data points in
                  x, y-directions are written in the format (A4,
                  I5, 2FIO.O, 2I5).
      Section 3. Values (z): in the specified or default format.
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written in Section 1 should be stored in the tape.
Blank unit(s) specification card(s)
     16 sets of data can be punched on a card at most. Each set of
data consists of unit # (4 columns) and a delimiter (1 column);
blank, comma, hyphen, or slash. Ifa blank or comma is punched
as a delimiter, only the unit which corresponds to the # in the set
is defined as a blank unit. Ifa hyphen is punched as a delimiter,
all the units from the one ofthe #s punched in the set to the one of the
#s punched in the next set. But this type of specification should be
kept in the same card. The delimiter of slash indicates the end of
the specification. An example is shown in Fig. 7.
Referring map data input cards
(1) Referring point(s) input cards
     Card 1. Col. 1- 5 # of referring point(s)
     Card 2. Prepare one card for a referring point.
              Col. 1-10 x-coordinates of a referring point; real
                         with a decimal point
                  1120 y-coordinatesofa referring point; with
                         a decimal point
                  21-30 Size ofa referring point (cm); real with
                         a decimal point
                  31-40 Size of referring point name (cm); real
                         with a decimal point
                  41-60 Name of a referring point
                  61-70 Symbol code (numeric) of a referring
                         polnt
 (2) Referring line(s) input card
     Card 1. Col. 1- 5 # of referring lines
     Card 2. Col. 1- 5 # of control points on a line
       • 6-15 Size of line name (cm); real with
                         a decimal point
                  l6-25 Inclination of the name (degrees anti-
                         clockwise) from y-direction; real with a
                         decimal point
                  26-45 Line name
     Card 3. Prepare as many as desired for a line. Four sets
              of coordinates (x,y), i.e. eight values, can be
              punched on a card at most; real with a decimal
                .
              pomt.
     Note: A set ofa Card 2 and Card 3 as many as desired should
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(3)
       be prepared fora line. Prepare those sets as many as
       the # of referring lines specified in Card l.
Map scale input card
Col. 1-10 Length ofthe map scale (cm):actual length on the
           marks output map; real with a decimal point (see
           Fig. 8)
     l!-15 #ofmarks in the map scale: include both of side
            (see Fig. 8).
     16-23 Actual distance of the map scale (alphanumeric) :
           plotted on the right shoulder of the map scale (see
           Fig. 9),
Fig. 8.
1, 5- 20/ mark 50KM
Example of blank unit specification
data. This example specifies the units
#1 and #5 to #20 to be blank units.
k length -Fig. 9. Map scale to be plotted in the output






    The data are concerned with the water depth of the Pacific off
Hachinohe, Northeastern Japan, and derived from Hydrographic Depart-
ment, Maritime Safety Agency,Japan. Two kinds of contour maps were
prepareds the one from both peak and face data, and the other only from
peak data. The input and the output maps for the former are shown in
Fig. 10, those for the latter in Fig. 11. The contour lines in Fig. I1 are
more smoothed than those in Fig. 10. The contour values can be obtained
from the peak values in the former case and from the grid values printed
in the output list in the latter case.
Regulariy spaced data
    Two kinds ofprocessing were performed on the regularly spaced data;
the one with and the other without the blank units specification. The
input and the output maps are shown in Figs. 12 and 13. The contour
values can be obtained from the grid values in the input.
B. Application.
        Isopacous map ofthe Imaichi Pumice Bed. Fig. 14a is by this program and
Fig. 14b is in "The Kanto Loam". The pumice bed was supplied from the
mountain of Nantaisan, which is one of the Quarternary volcanos in the Kanto
district, Japan. Data from Kanto Loam Research Group (1965).
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$KJOR 50eloWol.6,YAMAMoTO.KAI,500331,
 coRF=6o<.LP=6nooSDPFORT FTLE=CKA367.CMPP,VOL=PF5005$PLTNKRUN MAx=lno .RFLIEF CF SEA BOTTOM, NO. 1 (HACHINOHE).
FDFF
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 $JFNn
   (a) Inputdata:
   of which consists
   definition data






















































































































             itle card, control cards, peak data (two sets in a card each
              of peak #, coordinates and depth of the point), face
             (four sets in a card each of which consists of three peak
       and data for referring points, line and a map scale.
       Relief ofsea bottom offHachinohe, Northwestern Pacific. This contour
map was prepared from peak and face definition data derived from Hydrographic
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REL!EF OF SEA BOTTOM, NO. 1 CHACH!NOHEI
SMTH
  258 --3
 eOl 4.7
 O03 7.4 ,
 oos !e.s
YES YES
    30.1.7 3Z7.02.2 799.01.4 9e5.0
    255 24.0 25.3
    Z57 Z9.4 3.2
     5
  O. 3.5
  12.7 18.Z O.5
  4.9 23.a O.5
  15.t-5 16.5 O.5
  2S.8 8.7 O.5
      1
     14
  o.e 5.4 o.9
  1.0 10.0 1.1
  1.3 19.7 1.9
  4.2 2S.2 4.8
  10. 650KM
  $POUT
  SJEND
   (a) Input data: the same
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that of Fig. 10 except for without face definition
        Relief of sea bottom off Hachinohe, Northwestern Pacific.
map was prepared only from peak data which are also used in Fig.
 This contour
10.
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                          .(b) Output map: the grid data each of which was estimated using the peak data around the grid
point by least squares method; blank areas are due to scarcity of the peak data around the grid
peints; shoreline and data point with their #s are plotted; contour values can be obtained from
the grid values in the output list.
Fig.11. (continued)
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  $KJOB 50010W03e,YAMAMOTe.KAI,5e0331,
   CORF=60K
  $DPFORT NOLrST,NOMAP,FrLE=CKA367.CMPP,VOL=PF50e5
  $PLTNKRuN MAXtlee
  TE5T FOR REGULARLY SPACED DATA
  REGS YES O.5 1.0 YES  teoFl.o)
  2. 2. 11 11
  e1234567e980 234567e9eOl234567e9812345.6789Sl123456189e71?34S67e98Tl?34567e9e7123
  4S6789871'2345678987234567e9S7623456Te9S76234567e9876
    1- S, 11- 14, 21- 23, 31, 32, 41/
  $poeT
  $JENO
(a) Input data: title card, control cards, grid data, and blank unit definition data.
/
/ l
 (b) Output map: blank areas are due to the blank unit definitions; contour values
 can be obtained from the grid values in the input.
Fig. 12. Processing example of regularly spaced data with blank unit definitions. The
data are arbitrarily prepared for the test processing.




TEST FOR REGULARLY SPACED OATAREGS O.5 l,O YE5{soFl.nl2. 2.'
 11 11e123-S67e98el?34S6789eO123456TS9el234567S9e71234S67e987123456789871234567e987'123
4567S9e712345678987234567S9e76234S67e987623aS61e9e76






















         (b) Outputmap. '
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      (a) Smoothed contour map drawn by the program: peak data, data for referring points and a map scale are used, aH of which are
      from Kanto Loam Research Group (1965).
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Mt. NANTAI
  A g>"Å~
UTwwrvA
xx
                                                        MITO
(b) The one compiled by Kanto Loam Research Group: from Kanto Loam Research
Group (1965).
Fig. 14. (continued) Both ofthe maps show thedistinct trend that the thicker the
bedthe nearer to the moutain of Nantai-san. The latter is more generalized,
while more detail changes are expressed in the former.
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                    Appendix; Computer Program
    This program is constructed in a simple structure, not overlayed. In this pro-
gram, FACOM 230-60/75 SSL (Scientific Subroutine Library) and CALCOMP
routines (basic and functional ones) are used. They are marked "*" and "**"
respectively in the explanations below.
a. Call tree
        Main- and sub-programs are connected with each other as shown in

































 The routine marked "*" and "**" are
 230-60175 SSL (Scientific Suborutine
routine and CALCOMP ones respectively.
b, Function ofmain- and sub-programs
    (1) Main prograrn: reads control, source and blank unit specification data,
        computes grid values, and automatically defines triangular elements as
        well as the control of the processing flow.
    (2) DRAW: draws contour lines in each element.
    (3) APPEND: normally terminates the job, after plotting data points, if
        required.
    (4) REFMAP: reads referring map input data and draw a referring map.
    (5) TEST: checks the repetition times of the main repeating operations.
    (6) ERROR: detects errors.
    (7) SCALP: scalesplotting data;
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   (8) GAUELS*: solves a linear system by Gaussian elemination method
       (SSL) .
   (9) PLOTS'": opens a file in which plotting data are to be stored (CAL-
       COMP routine).
  (10) PLOT"": linearly removes a plot-pen, and in the case of CALL PLOT
       (O.O, O.O, 999) close the file (CALCOMP routine).
  (11) SYMBOL"': plots symbol(s) (CALCOMP routine)
  (12) NUMBER'": plots a number (CALCOMP routine)
  (13) FLINE'*: draws a smooth line through specified points (CALCOMP
       routine).
c. Commonblocks
       Relations among common blocks and main- and sub-programs are shown
   in Appendix tab. 1.
Appendix-tab. 1. Common blocks.








PNI (for peak # and value)
OPTI (for face definition)
OPT2 (for blank unit definition)
PRB (for problem/data name)
PNI, OPTI, OPT2, PRB,






d. Program source iist
























IFMP /,(2Cl,,,S,3Fl,,iO,,t-t5X))},16-t-t,IFMF. ILC4(3,"tS,S,t,x)),,IT-, t/
    2 IH ,.ISX,t5KIP,DEG:T
    S :H ,ISX,,SCAL:NG FACTOR
    S IH ,ISX,,CONTOUR BASE
    4 IH ,ISX,,CONTOUR INTERVAL
    S IH ,ISX,,KIND OF REFMAP
      IF (IFSP ,NE, tyES,) GO TO 40
     READ .(StiOOI) :FMP',rFMF
   -o IF (KDATA ,NE, ,REGS,) GO TO SO
C --.- INPUT, ,REGS,, REGULARLV SPACED DATA ----
      IF (IND ,NE, S) REW:ND INO
      I.F (rND .Ee, S) GO TO "2
     READ {S,1003) K:ND"D
 ioo3 FORMAT (A4,,lx,15),
     READ CIND,1004) !DHENT,NOMAP
 1004 FORMAT CA4,IS)
     CAL'L TEST (1,NOMAP,10,,MAP-,)
 -.--- INPUT, CONTROL DATA t----
    READ (S,1001) NAME
1001 FORMAT C20A4}
    READ (5,loo2) KDATA,IND,rDF,NoPT3,NOPT-,NOPTS,
    1 KSKIP,LDEGIT,SASE,CINT,SCALEI,KNREF,IFSP
1002 fORMAT CA",:x,2.IS,3(A4,IX),2:S,3FiO,O,15,A-)
     IF(NOPT3 ,NE, ,YES t) NOPT3s,NO,
     IF(NOPT4 ,NE. ,YES ,) NOPT4i,NOt
     IF(NOPT5 .NE, ,YES t) NOPT5ttNO,
     IF(:FSP .NE, ,YEs,) .IFSPttNO,
     IF (:OF ,Ee, o) IDF ts
     IF {:ND ,Eq, O) IND . S
    WR;TE (6,2001) NAME,KDATA,rFSP,IND,:DF,NOPT3,tsOPT4t
   1. . NOPTs,KsKIP,LOEGIT,sCALEI!sAsE,qN.T,KNReF
200i FORMAT (IHItl/IH .iOx,,CONTOUR MAP PROCESStNG,ttt
   1 IH tiSXt,PROBLEM NAME ,,, t,20A4tt
    1 IH ,ISX,,DATA KiND ,,, t,A-1
   1 IH ,;SX"I-FORMAT SPECIF, ,,, ,,A41
    1 IH ,ISx,,INPUT DEVtCE- ,,, ,,21S,
    1 ', {FOR PEAKeFACE),/
    2 IH ,ISX,tOPTION.S,4,5 ,., ,,3AS,
   2 , (REFER:'NG NAP, BL.ANK UN:TS DEFIN;T:ONt t
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     GO TO 4S
  42 READ CrND,loi3) px,py,MAxx,MAxY
lolS FORMAT C2FIO,O,2IS)
     NOMAP " 1
  43 DO 60 ltl,NOMAP
         JF CINO .Ea, 5) GO TO 44









   6o coNTrNvE
      REwiND IND
      STOP ,DATA SET be'AS NOT FOUND IN THE FILE,
   70 :F (IND ,Nt, 5) REviIND IND
      GO TO 200
C -..". INPUT S PROCE.sslNG OF FACE DEFtNITION DATA ..---
   So tf CKDATA ,NE, ,FOEF,) GO TO 100
      READ CS,leUT) NCP,NOF,BOUND
 1007 FORMAT (21b,4F:O,O)
      IF (INV ,NE, 5) REWIND IND
      IF CIOF .NE, S) REwlND tDF'
      ReAD (IND,iFMp) (NPEK(I),xci),Y(I),Z(I),Zsl,NOP)
 100s FORMAT (2Ct5,3FIO,O,5X))
      READ {IDF,IFMF)c(NFOF(I,J),1-i,3),Jel.NOF)
 1009 FORMAT C40r5,Sx))
      ptRITE C6,2003} CNPEK{l),X(1),YCI);ZCI),:tl,NOP)
 2oo3 FORMAT(IH ,2CSX,IS,SF12,4,IH,,))
      wRITe C6,2u04) ccNFDF(I,J),I.1,O),Jti,NOF)
 2o04 FORMAT CIH ,4(Sx,3i5,iH,,)}
      CALL PLOT5
      CALL DRAW(NOF,bASE,CINT,5CALEi,NOP}
      CALL APPEND(NOP,NOPTI,NOPT2,NOPT3,NOPT4,NOPTStKSKIP,LD[GIT,NPtK,
     4 X,Y,Z,KNREF,SCALEI)C .".-- tNPUT, PEAK DATA wrTHOuT FAcE DEFINiTloN --.--
  100 CONTINuE
      IF CKDATA ,NE, ,sMTH,) STOP ,ILLEGAL PATA KtND,
      READ CS,1010) NOP,NuNIT, BOUNP,PX,PY
 :OIO FORMAT C21b,6FiO,O)
      IF CINE) ,NE, 5) REwlND IND
      READ "ND,tFMP)CNPEKCt),xt(r),Y:(i),ZICI),:sl,beOP)
      tF (INV ,NE, S) REkeIND IND
FORMAT CA4,IS,2FIO,O,2rS)
NTEM - MAXX-MAXY
IF "FSP .NE, ,YESt) GO TO 4S
RtAD(IND,:FMP) CZCJ),Jil,NTEM)
Go To 4e
READ CIND,1006} (Z{J) ,Jsl,NTEM)
FORMAT (8C6X,EIO.4))
IF CIND ,EO. S) Go TO 49
IF CKi ,NE, KiND ,OR,:D .NE, IDi) GO TO 60
DO 50 J.1,NTEM
    X(J) . PX-FLOAT(J.MAXX.(CJ.1)tMAXX).i)
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      wRITE
 2005 FORMAT
     1
     1 iH .:OX"NUNiT
     2 IH ,:Ox,,BOUNDARy,1,2,3,g ,
     S IH ,10x,iX.PITCH, Y-PiTCH
     4 IH ,SX"X"YtZV
     5 ;H ,2CSX,SF12,4,2H /))C ---- ESTIMATION OF GRID VALUES --w
     .MAXX s{BOUNDC2)-BOUNDCI))/PX + 1,O
      MAXY .(BOUND(4)-BOUNOC3))tPY + 1,O
      l;I to
      CALL TEST c4,NOP,1000"NOP,)
      CALL TEST C2,MAxX,200,,MAXX,)
      CALL TEST C3,MAxY,200,,MAXy,)
      DO i80 J- 1,MAXY
          YTEMP. BOUND(5) + PY"FLOATCJ-1)
          DO 17e 1-1,yAxx
              I:: . 1:; +1
              NNN t IABSCNUNIT)
              XTLMP . BOUND(1) + PX.FLOAT(I.1)
  :OS XI e XTEMP . px.FLOAT(NNN)
              X2 s XTEMP + PX-FLOAT(NNN)
              Yl t YTEMP - PY.FLOAT(NNN)
              Y2 s YTE'MP + PY-FLOATCNNN)
              DO 110 M-1,3
                 OO 110 N.1,4
                     AA(MtN) . O,O
  1:O CONTINUE
              NSTOR(t} s NNN
              NPPP . O
              DO :40 Ltl,NOP
                  iF (xr(L) ,LT, xi ,oR, xrcL)
                  IF (YICL) .LT, Yl ,OR, YtCL)
                 NPPP s NPPP + 1
                 W--,(i) . 1,O
                 wwwc2) - XI CL)
                 www(3) t Yl(L)
                 DO 130 Msl,3
                     DO 120 NsM,3
                         AACM,N) . AA(M,N) +
                         AACN,M) . AA(M,N)
  120 CONTINUE
                     AA{M,4) t AA(M,4) +
  130 CONTtNUE
  1"O CONTiNUE
               tF CNPPP ,LT, S) GO TO :50
               CALL GAUEL5(AA,3,3,4,:,OE-10,ILL)
               IF CILL ,NE, O) CALL ERRORCD
               XCItl) i XTEMP
               Y.(1:1) . YTEMP
               ZCII:) . AAC:,4} + XTEMP-AA{2,4)
               GO TO 170
  150 tF {NUNIT ,LE, O) GO TO 160
c6,200s) NoPtNuNrT,SouND,Px,pY,{xlcl),yrcl},Z:{I),:-1,NOP)
 (/ltlH ,10X,,INPUT FOR OPTION.ltlt




,GT, X2) GO TO i40
































































  180 CONT:NUE
  200 CONT:NVE
     CALL TEST C2,MAXX,200"MAXX,}
     CALL TEST C3,MAxY,200,tMAXY,}
     ;F {NOPT4 ,NE, ,YES ,) GO TO 2SO
C "--." BLANK VNITS SPECIFICATION "..-.
  20S READ (S,1012) CNOCI),NCN(:),1.1,;h)
      ;.1
  210 CONT:NUE
 loi2 FORMAT C16C:4,Ai))
         IF CNCNc:) .EQ, ,.e) Ge TO 220
         J s 2.NOCI)
         NVISCJ) t,No t
         NViSCJ.Pt,NO ,
         IF cNcNcr) .Eo, ,t,} Go To 2so
         Isl+i





    NNN t NNN +1
    GO TO 10S
    X(lrr) . XTEMP
    YCtll) t \TEMP
   • Z(111) t 1-OE20
CONT:NUE
LS s MAXX-CJ.1) + i
LE . LS + MAXX -1
wR;TECb,goOv J,CNsTOR(r),l.1,MAXx)
FORMATCIH ,10X,tSMooTHED,llH ,SX,,t OF UNIrS e X,Y,Ztt
      IH ,IS",,., ,,2SISIC:H ,10X,2SIS))
wRITE C6,9002) CXCK),YCK),Z(K),K.LS,LE)
FORMATCIH ,5X,10E13,6)
  2SS CONTINUE
C ..-t- TR:ANGLE
     NNN
     DO
    lr C: ,EQ, 16) CALL ERRORC2)
   DO 230 JeNO(1),NO(1+V
        NVIS(2-J) t ,NO ,
        NV:S(2-J-1) - ,NO '
   CONTiNUE
    IF CNCN{I+1) .EQ, ,1,) CiO TO 2SO
        lt:-2
    :F (t ,GT. 16) GO T0 20S
    IF (NO(1) ,EQ, o} Go TC 2c5
   GO TO 210
CONTINVE
    NOPC - MAXX-MAXY
    DO 2S5 lti,,NoPC
        NPEKC:) s r
          E MENTS DEFINITiON -"-"-
    i CMAXX.1).CMAXY.:)
   260 J.1,'NNN
    JTEM . J + (J.1)t(MAxx-1)
    JJJ s 2-J.1
    NFDFCI,JJJ) - JTEM
    NFDFC2,JJJ) t JTEN + 1
    NFDFC3.,JJJ) t JTEM + MAxX

























































     IF CZ(JTEM+1) ,EQ, 1,OE20) NVISCJJJ} s ,NO ,
     IF {Z{JTEM+MAXX) ,ES, 1,eE2ej NVtSCJJJ) s tNO ,
    JJJ - 2-J
    NFDF(i,JJJ) s JTEM + 1
    NfDFC2,JJJ) t JTEM + MAXX + 1
    NFDFC3,JJJ) i JTEM + MAXX
     :F CZ{JTEM+MAXx+1) ,EQ, 1,OE20) NVI5CJJJ) . ,NO ,
     rf' (ZCJTEM.YAXX) .Ee. :,OE20) NVIS(JJJ} . fNO t
     :F (ZCJTEM+i) ,EQ, 1.0E20) NV:S(JJJ) . tNO ,
 CONTINUE
 CALL PLOT5
 NOF . 2-NNN
 CALL DRAWCNOF,eASE,C:NT,SCALEI,NPPC)
 PO 2eU tnl,NOP
    XI(D . cXl(:} - BoUNDC:))tsCALEI

































    SueRoUTINE
    COMMON
   1
   2
   3
   3
    DIMENSION
    K.1
 "t---' MAP
    CALL
    CALL
     wRITE
UOOI FORMAT
    CALL..TEST
    CALL TE5T
 e---- SCALING
    CALL
    CALL
    CALL
     IF CSCALE:
     SCALEI t
     IF
  20 DO 30
        xCI) .
        Y").
  30 CONTINuE
    BOVNDCI) .
    BOUNDt3) i
 -----
     DO 2SO
         IF
        OO -2
        DO 40













   NAMEC20)
   xCIOOO),YCIOOO),ZCIOOO),NPEKCIOOO)
   NFDFCj,2000)
   NVIS(2000)
   BOUND{4)
MOC3), XTCZO), YT{10)
  LABEL PLOTTING -----
 SYMBOL C 3,o,10,O,1,S,NAME,90,O,"O)
 PLOT(iO.O, S,O,.3)
   C6,2001)
    (:tt1///IH ,10X,,CONTOUR DRAw START,t)
       (4,NOP,1000"NOP,)
       (S,NOF,200o,,NOF,)




        ,NE, O,O) Go TO 20
    XCNOP+?)
CY(NOP+2) ,GT. 5CALEi) SCALEI . Y(NOP+2)
   1.1-tvOP
      CX{1)-X(NOP+Z))t5CALEI
       CYCI).YCNOP+1))ISCALEI
        XCNOP+:)
        Y(NOP.i)
CONTOURING START -----
     rel,Nof
     CNvlS(1) ,Edi, ,NO,) GO •TO 2SO
      N.1,S
       J-1"NOP







    IF CZMCJ)
       ZMU)
        ?.MtJ)
        BIG t
       MTEM.
       MO{1)
       MOtJ)
CONT:NUE
IF CZM(2) ,tst,














































































cON - BAsE '. clNT.CFLOAT(INTC(ZM{3).eASE)tCINT))+l,e)
tAXL s 100
DO 21o Jel,MAXL
    IL sJ.1
    IFCCeN ,GT, ZM(1)) GO TO 220
   LRR .1
   MMM . O.
    ZZI .ZM(3)
   Ml . MOCI}
   ZZ2 t ZM(2)
   M2 s MO(2)
   'IF (CON ,GT,ZZI',AND, CON ,LE, ZZ2) GO TO eO
    GO TO 90
   CONTINUE
   MMM . MMM + 1'
    XTCMMM) . XCM,1'}.CX(M2)-XCMI}).(CON-ZZi}l(IZ2.ZZI}
    YTCMMM) s YCMI}.CYCM2).YCMD).(CON-ZZI)t(ZZ2tZZI}
    IF (MMM ,Ee, 2) GO TO,110
    tF (LRR ,Ee,'3) GO TO .20e
    :F CMMM ,Ee,1) GO TO 100
       ZZI # ZMC2)
       ZZ2 . ZM(V
       MI - MOC2)
       'Ml t MO("
       LRR . LRR +i
       GO .TO 70
    ZZI . ZM(3)
    ZZ2 - IMCI)
   Ml " MO(3)
   M2 .MO(i)
    LRR t LRR +1
    Go To ?e
----- PLOT A LINE -----
   CONTINUE
   CALL PLOTCYTCI),XTCI),3)
   CALL PLOTCYTC2),XTC2),2)




    c NTrNuE
20e2• FORMAT aH ,sx,rs,lx,,t,,31S,t)',,SF12,3.2x,3:S,3x"- OF
   1 ,. )-t-I-IO)
    wRITE {6,2003)
2003 FORMAT (IH ,10x,,ALL CoNTOuR LiNE5 DRAptN,)
2004 FORMAT CtlH ,10x,,LINES TO SE DRAwN OVERt,S5t)
    RiTURN
















































































NAMTEM(S), XX(102), yY(102}, NVALUEC2)
      IF {KIND .Ea, O) GO TO 2SO
      kKK s IABS(KrND)
      GO TO .CIO,SO,10),KKK
C t---- INPUT, REFERING POINT(S) DATA ---"-
   lo READ (S,iOOI) NuMBER
 1001 FORMAT CIs)
      CALL TEST (11,NuM8ER,iOO,,RPO",)
      DO 30 i.1,NUMBER
         READ c5,1002) xP"),YPC:),51ZEpCl,i),51ZEPCI,2),










      CNAMEPO(l,J),Jsi,S),NFOM")
C4FIO,O,SA4,IS)
(6,2oo;) NuMeER,CxP"),Ypcl),5tlEP{1,1),SIZEP(i,2),
        (NAMEPOCI,J),J.1,j),NFOMCI),ttl,NVMBER)
 (/ttl- ,:Ox,,:NPUT CREFERENCE POINTS)",tS,, PO:NTS,tt
 (:H,i5X,4F:2,S,5X,SA4,IS))
   40 CONTiNUE
      IF CKKK ,EN, 1) GO TO 90
C ----- INPUT, RtFEHING LINECS) DATA -----
   SO•READ (S,1003) NLINE
 1003 FORMAT CiS)
      CALL TEST C12,NLtNE,lo,,RLN",)
      DO 7e ts:,NLINE


















FORMAT (ttllH ,10x,,:NPUT CREFERENCE LiNES),,,iS,, LtNE5,1)
DO eO lsl,NLtNE
    WRITE (6,200S) NPFOtNCt),StZELC:,1),StZELCt.2),
                  CNAMELN",J),Jsl,S),
                  (XLCI,J),YL{:,J)tJ.1,NPFOLNC:)}
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C ----- PLOT, REFERiNG POINT(S) -----
  100 DO 120 :.i,NUMSER
     DO 1.10 Jsl,:
         NAMTEM(J) . NAMEPO(r,J)
  110 CONT:NuE
     YTEM . (XP(I).BOUND(i))tSCALE
     XTEM . (\P(:).BOUND(3))ISCALE
     CALL SYMeOL(XTEM,YTEM,SIZEP(l,1),NFOM(:),90,O,.1)
     XTEM s XTEM + SIZEP(1,i) + SIZEP(l,2)
     CALL SYMBOLCxTEM,YTEM,S:ZEPC:,2),NANTEM,90,O,20)
 120 CONT.LNVE,
     wRltEC6,2bos)
     IF CKKK ,Ee, 1) GO TO 2SO
  200' CONTiNUE
c..".-. PLOT, REFER;NG LtNECS) "....
     DO 240 Sel,NLINE
         DP 2;Q..Jnl,S





   Y\C.J) t (XL(1,J)780UND(P)tSCALE
    Xx(J) i {YL{I,J}.BOUNDC3))tSCALE
CONTINUE
XTEM - XX(J) + SIZELCI,1)







  240 CONTtNUE
     WR:TE(6,2006)
  2SO CONT:NUE
C ttt-. INPVT S PLOT, MAP SCALE --."-
     IF (KIND .GT. O) RETuRN
     READ CS.,1006} DIST,MARK,NVALUE
 ioo6 FORMAT CFIO,O,l5,2A4)
     WRITE C6,2004) D15T,MARK,NVALUE
 2004 FORMAT (IH ,10X,,:NPuT CREFERENCE SCALE),I
    1 IH ,iSX"LENGTH, - OF MARKS,VALUE,,SX,F12,3"5,2A4)
  2ss wsb . o,o3-DrsT
     OL . WiOt40,O
     PMA . 10,O
     P;C . DISTtFLOAT(MARK-1)
     xTEM t -2,O . NID
     CALL TEST C14,MARK,2eO,,MARK')
     DO 260 :sl,MARK
         CALL PLOTC.2,O,PMA,3)
         CALL PLOT(XTEM,PMA,2)
         PMA s PMA .+ PtC
  260 CONTINuE
     XTEM - -2,O
     .YTEM . :O,O + D15T
     DO 270 K.1,20
         CALL PLOTCXTEM,:O,O,3)
         CALL PLOT(XTEM,YTEM,2}
        . xTEM s xTEM . DL
  270 CONTINUE
     XTEM - -2,O - w!D
     CALL PLOTCXTEM,10,O,3)
     CALL PLOT CXTEM,YTEM,2)
     yTEMtYTEM+buID •
     HHH . 1,5-wlD
     CALL SYMSOLCxTEM,YTEM,HHH,NVALUE,90,O,S}
     WRITE(6,2007)
     RETURN
.200S FORMAT CIIH ,10X,,REFERING POrNTS PLOTTED,t)
 2006 FORMAT (llH ,10X,,REFERING LINES PLOTTED,t)
 2ool FORMAT ctl" ,lex"MAp sCALE PLOTTED,t)
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C ."--. DATA POINTS PLOTTING AND JOB rERMrNATrN6 ROUTINE, NAME,,, APPENPAPDOOOiO
                                                                     APDOO0205UBROUT:NE APPEND(NOP,Nl,N2,N3,N-,NS,K}L,NPEK,X,Y,Z,KNREF,SCALEI)
      DIMENS:ON XCNOP),YCNOP),Z(NOP),NPEKCNOP) APDOO040
      lf CNS,NE, iyEs ,) GO TO IOO APDOOOSO
      IF (K ,Ee, O) Ks' . APDOO060
      DO se l.i,Nop,K APDoeo7o
          cALL syMBoL(yCt),xct),o,S,2,9o,O,.i) APDoooeo
          yTEM.\cl) APDooego
          xTEMtxcl)+O,S APDOOIOO
          TEMP.NPEK(I) , APDOOUO
          CALL NU sER(yTEM,xTEM,O,3,TEMP,90, ,el) APDOOno
          IF CL ,LT, O) GO To SO APDOO130
          yTeMtyTEM+o,s• APDoo14o
          CALL NUMBERCYTEM,xrEM,O,S,ZCI),90,O,L) APDOOISO
   So CONrlNUE APDOO160
      wRITE(6,200:) • APDOO170
 20ol FeRMAT(IH .:ox,,vATA perNTS PLOTTEo'} APDoOleOC...-. REFERNG MAP PLOTTING ..."- APDOO:90
  ;Oo lF CN3 ,EN, ,yES t) CALL REFMAPCKNREF,SCALEI} APDO0200C-.--. NORMALLY TERM:NATE THE JOe ...-. APDO02:O
      CALL PLOT(O,O,O,O,999) APDO022o
      STOP 'NORMAL END OF JOe, APDO0230
      END APDO0240                                             '                                                   'C-"". AMOUNT TtST ROuTINE, NAME ,.. TE5T "t-"- TSToOO:o
      SUBROUTtNE TEST ttTEM,NV,utMrT,NAME) TSTOO020
      IF CNV ,GT.O,AND. Nv ,LE, LtMIT) HETURN TSToo030
 ,,,, :gkll:,C?l:e?+l.ER:M,,t:CMetN,V,;k5:iU,,,, ,, ,,,,,,, .,. ,. T,S,IO,g8',g
                                                                     TSTOO060
     : ,:TEM"t,15,,(,,A",,) VALUE -,,,l12,,(L:M:T,.I6,,)ttl
      sTop ' TSTOOOIo
      ENo TSToooeoC""-.. eRROR RouTtNE. NAME ,,. eRROR ."--. ERRooo:e
      SUBROUT:NE ERHORC:) EHHOO020
      CALL PLOT CO,O,O.O,9gg) LRRov040
      60 TO CIO,20) ,: LRROOObo
   io STOP eGAUELS ERROR, AppRoxiMATING p ANE wA5 NOT DETAHNiNEb, ERRoeo6o
   2e STOP 'dLANK AREAs DEF:NzT:ON ERROK C.), URReeole
      END EHRoooeo
      gY::::I6:E,?:;LP(A;W•NtM) gE;g81 1g
      s:G.Aa) . • scpoeolo
      sMALss(v sCpoao4o
      D0 20 Itl,N,M • S POOOSO
          IF .(A(1) ,GT, BIG) BIG .A(i) 5CPO 060
          tF (ACI) ,LT, SMAV SHALsA(1) SCPOOOTO
   2o coNTrNuE sCpooeso
      A(N.M).SMAL S POO090
      ACN.2.M)tCB:G.5MAL)lsi SCP O:Oa
      RETuRN SCPOOIIO
      END SCPO 120
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Supplement figure. Output example

































34 Kaichiro YAMAMoTo and Niichi NisHiwAKi
                             Supplement
    The program was revised. The revised one can frame the output
write their values along the contours as shown in the supplement figure
the values are written every two contours. (Supplement figure)
map and
in which
